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Description

[0001] The present application claims priority to Chi-
nese Patent Application No. 202210686214.3, titled
"PHOTOVOLTAIC SYSTEM AND OPTIMIZER NET-
WORKING METHOD THEREOF", filed on June 17,
2022 with the China National Intellectual Property Ad-
ministration, which is incorporated herein by reference in
its entirety.

FIELD

[0002] The present application relates to the technical
field of photovoltaic power generation, and in particular to
a photovoltaic system and an optimizer networking meth-
od for a photovoltaic system.

BACKGROUND

[0003] Anoptimizerin a photovoltaic system, namely a
photovoltaic power optimizer, is module-level power
electronics (MLPE) with a direct-current input and a
direct-current output. The optimizer is connected in ser-
ies to a photovoltaic component, and adopts a current
and voltage prediction technology, to ensure that the
photovoltaic component always operates in an optimal
state, and overcome influence of shadow on the compo-
nents, inconsistent orientations or different electrical spe-
cifications of components on power generation capacity
in a photovoltaic power station. In this way, a maximum
power output of the photovoltaic component can be
achieved and power generation capacity of the system
can be improved.

[0004] Ina photovoltaic power generation system pro-
vided with an optimizer, an inverter communicates with
the optimizer through power line communication (PLC).
The inverter includes a PLC master node controller, and
the optimizer serves as a slave node of the PLC. Once the
optimizer and the inverter are arranged in the system, a
master node of the inverter needs to be informed of
topological information of each optimizer in the inverter
system, to facilitate instruction control and state position-
ing in a later operation process. If the inverter does not
acquire the topological information of the optimizers
thereof, the inverter may acquire, in a case of searching
for the optimizers, information of optimizers in other
systems due to a crosstalk problem, affecting determina-
tion of the master node of the inverter and leading to error
control of the master node.

[0005] At present, the topological information of each
optimizer requires to be manually entered in order. In this
manner, the manual entry process in the optimizer net-
working has a low inefficient and is prone to error.

SUMMARY

[0006] A photovoltaic system and an optimizer net-
working method for a photovoltaic system are provided

10

15

20

25

30

35

40

45

50

55

according to the present application, to address the
problem of low efficiency and error in the optimizer net-
working process due to manual entry.

[0007] In order to achieve the above objectives, tech-
nical solutions are provided according to the present
application as follows.

[0008] In a first aspect of the present application, an
optimizer networking method for a photovoltaic system is
provided. The photovoltaic system includes an inverter
and photovoltaic strings connected to Boost circuits at a
preceding stage of a direct-current bus of the inverter;
and the optimizer networking method includes:

setting, by the inverter, an output voltage limit value
and/or an output current limit value for each of opti-
mizers;

controlling, by the inverter, the optimizers to start;

controlling, by the inverter, input terminals of the
Boost circuits to maintain a short-circuited state for
a preset duration according to a preset rule; and

determining, by the inverter, the optimizers con-
nected to the input terminals of the respective Boost
circuits according to output electrical parameters of
the optimizers in the short-circuited states.

[0009] Inanembodiment, the controlling, by the inver-
ter, the inputterminals of the Boost circuits to maintain the
short-circuited state for the preset duration according to
the preset rule includes:

controlling, by the inverter, the input terminals of the
Boost circuits one by one to maintain the short-
circuited state for the preset duration; or

grouping, by the inverter, the Boost circuits, control-
ling input terminals of part of the Boost circuits in a
current group to maintain the short-circuited state for
the preset duration; and further grouping the Boost
circuits in the current group according to states of the
input terminals of the Boost circuits, until the current
group includes one Boost circuit.

[0010] In an embodiment, the output electrical para-
meter includes an output voltage, and/or an output cur-
rent.

[0011] In an embodiment, the determining, by the in-
verter, the optimizers connected to the input terminals of
the respective Boost circuits according to output electri-
cal parameters of the optimizers in the short-circuited
state, includes:

in a case of an input terminal of one Boost circuit in the
short-circuited state at a time, determining, by the inver-
ter, that the optimizer with an output voltage equal to zero
and/or an output current greater than a preset current or
equal to the output current limit value is connected to the
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Boost circuit having the input terminal in the short-
circuited state; determining, by the inverter, that the
optimizers with an output voltage not equal to zero and/or
an output current equal to zero is not connected to the
Boost circuit having the input terminal in the short-
circuited state.

[0012] In an embodiment, before the setting, by the
inverter, an output voltage limit value and/or an output
current limit value for each of optimizers, the optimizer
networking method further includes:

acquiring, by the inverter, serial numbers of the
optimizers in the photovoltaic strings;

determining, by the inverter, whether topological in-
formation entered manually is received;

performing the step of setting , by the inverter, the
output voltage limit value and/or the output current
limit value for each of the optimizers, in response to
determining that the topological information is not
received; and

determining, by the inverter, whether the serial num-
bers match the topological information, in response
to determining that the topological information is
received;

performing the step of setting , by the inverter, the
output voltage limit value and/or the output current
limit value for each of the optimizers, if it is deter-
mined that the serial numbers do not match the
topological location information.

[0013] Inan embodiment, if the inverter set the output
voltage limit value for each of the optimizers, after the
controlling, by the inverter, the optimizers to start, the
optimizer networking method further includes:

controlling the output voltage of each of the optimi-
zers to reach the output voltage limit value; and

before the controlling, by the inverter, the input term-
inals of the Boost circuits to maintain the short-
circuited state for the preset duration according to
the preset rule, the optimizer networking method
further includes:

determining, by the inverter, whether two term-
inals of each photovoltaic string are formed by
connecting output terminals of the optimizers in
the photovoltaic string in series, according to
changes of the voltages at the input terminals
of the Boost circuits before and after the optimi-
zers are started; and

determining, by the inverter, the number of the
optimizers in the respective photovoltaic strings
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according to the voltages at the input terminals
of the Boost circuits if it is determined that the
two terminals of each photovoltaic string are
formed by connecting the output terminals of
the corresponding optimizers in series, and per-
forming the step of controlling, by the inverter,
the input terminal of the Boost circuits to main-
tain a short-circuited state for the preset duration
according to the preset rule.

[0014] Inanembodiment, before the controlling, by the
inverter, the input terminals of the Boost circuits to main-
tain the short-circuited state for the preset duration ac-
cording to the preset rule, the optimizer networking meth-
od further includes:

determining, by the inverter, whether a voltage at the
direct-current bus is lower than a preset minimum
threshold; and

controlling, by the inverter, at least one Boost circuit
of the Boost circuits to charge the direct-current bus
in response to the voltage at the direct-current bus
being lower than the preset minimum threshold;

performing the step of the controlling, by the inverter,
the input terminals of the Boost circuits to maintain
the short-circuited state for the preset duration ac-
cording to the presetrule, in a case that the voltage at
the direct-current bus reaches the preset minimum
threshold.

[0015] Inan embodiment, the controlling, by the inver-
ter, the optimizers to start includes:

sending, by the inverter, an activation instruction to the
optimizers, where the optimizers enter an operating
mode and increase the output voltage through soft start
in response to the activation instruction.

[0016] Inasecond aspect of the present application, a
photovoltaic systemis provided. The photovoltaic system
includes an inverter and at least one photovoltaic string.
[0017] An optimizer or at least two optimizers having
output terminals connected in series are arranged be-
tween two terminals of the photovoltaic string, and an
input terminal of each optimizer is connected to at least
one photovoltaic component.

[0018] At least one Boost circuit is provided at a pre-
ceding stage of a direct-current bus of the inverter, and an
input terminal of the Boost circuit is configured to be
connected to the at least one photovoltaic string.
[0019] Theinverter comprises a controller serving as a
master node to communicate with the optimizer, and the
controller is configured to perform the optimizer network-
ing method for the photovoltaic system according to any
one of the embodiments described in the first aspect.
[0020] In an embodiment, the Boost circuit is indepen-
dent of the inverter; or

the Boost circuit is integrated in the inverter, and an
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output terminal of the Boost circuit is connected to a
direct-current side of an inversion circuit in the inverter
through the direct-current bus.

[0021] In an embodiment, the input terminal of the
Boost circuit is connected to one connection port at a
direct-current side of the inverter, or at least two connec-
tion ports connected in parallel at a direct-current side of
the inverter; and

the connection port is connected to one photovoltaic
string, or the connection port is connected in parallel to
at least two photovoltaic strings through a bus bar term-
inal.

[0022] In the optimizer networking method for the
photovoltaic system provided according to the present
application, the inverter sets an output voltage limit value
and/or an output currentlimit value for each optimizer; the
inverter controls the optimizers to start; and the inverter
controls input terminals of the Boost circuits to maintain a
short-circuited state for a preset duration according to a
preset rule. In a case of an input terminal of one Boost
circuit in the short-circuited state at a time, only the
photovoltaic strings connected to this Boost circuit are
short-circuited. Thus, the optimizers with the changed
output electrical parameter are provided in the corre-
sponding photovoltaic string. The optimizers connected
to the input terminals of the respective Boost circuits can
be determined. The automatic networking for the optimi-
zers in the photovoltaic system is implemented, avoiding
the problem of low efficiency and error in the optimizer
networking process due to the manual entry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In orderto more clearly illustrate technical solu-
tions in embodiments of the present application or in the
conventional technology, the drawings to be used in the
description of the embodiments or the conventional tech-
nology are briefly described below. Apparently, the draw-
ings in the following description show only embodiments
of the present application, and other drawings may be
obtained by those skilled in the art from the provided
drawings without any creative work.

FIG. 1 to FIG. 4 are four flowcharts of an optimizer
networking method for a photovoltaic system ac-
cording to embodiments of the present application;

FIG. 5 is a schematic structural diagram of a photo-
voltaic system according to an embodiment of the
present application;

FIG. 6 is a schematic structural diagram of a photo-
voltaic string according to an embodiment of the
present application; and

FIG. 7 is a schematic diagram of a specific structure
of a photovoltaic system according to an embodi-
ment of the present application.
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DETAILED DESCRIPTION

[0024] Technical solutions of embodiments of the pre-
sent application are clearly and completely described
hereinafter in conjunction with the drawings of the em-
bodiments of the present application. Apparently, the
embodiments described in the following are only some
embodiments of the present application, rather than all
embodiments. Any other embodiments obtained by
those skilled in the art based on the embodiments in
the present application without any creative work fall in
the scope of protection of the present application.
[0025] In the present application, terms "include",
"comprise" or any other variants thereof are intended
to be non-exclusive. Therefore, a process, method, arti-
cle or device including a series of elements include not
only these elements but also other elements that are not
clearly enumerated, or further include elements inherent
in the process, method, article or device. Unless expres-
sively limited, the statement "including a..." does not
exclude the case that other similar elements may exist
in the process, method, article or device including the
series of elements.

[0026] An optimizer networking method for a photo-
voltaic system is provided according to the present ap-
plication, to avoid the problem of low efficiency and error
in the optimizer networking process due to manual entry.
[0027] The photovoltaic system includes an inverter
and photovoltaic strings connected to Boost circuits at a
preceding stage of a direct-current bus of the inverter.
Referring to FIG. 1, the optimizer networking method for
the photovoltaic system includes step S101 to S104.
[0028] Instep S101, theinverter sets an output voltage
limit value and/or an output current limit value for each of
optimizers.

[0029] In practice, after an optimizer has just been
provided, the optimizer may in a safe mode or a shutdown
mode when a photovoltaic component connected to an
input terminal of the optimizer can provide a normal
operation voltage for the optimizer. In this case, the
optimizer has an output voltage of 1V. Then, a master
node of the inverter sends a networking mode setting
instruction to each optimizer. The networking mode set-
tinginstruction includes an output voltage limit value Ulmt
and/or an output current limit value limt, to set limits of the
output voltage and output current for the optimizers.
Moreover, the output voltage limit value Ulmt and the
output current limit value llmt may be set according to the
actual requirements, such as Ulmt=10V, lImt=2A, which
will not be limited to herein.

[0030] If the inverter set the output voltage limit value
Uimt for each optimizer, in the case that the output
voltage of each optimizer is equal to the output voltage
limit value Ulmt, the voltage of a photovoltaic string
formed by connecting output terminals of n optimizers
in series is equal to nXUImt. The inverter can determine
the number n of optimizers in the photovoltaic string
connected to the input terminal of each Boost circuit by
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acquiring the voltage at the input terminal of each Boost
circuit.

[0031] If the inverter set the output current limit value
limt for each optimizer, an output current of an optimizer
will not exceed the output current limit value limt in the
case that the output terminal of the optimizer is short-
circuited, ensuring the safety of the device.

[0032] In step S102, the inverter controls the optimi-
zers to start.

[0033] In practice, the master node of the inverter
broadcasts an activation instruction to the optimizers.
After receiving the activation instruction, the optimizers
switch into an operating mode, perform soft start, and
gradually increase the output voltage thereof. If the in-
verter does not set the output voltage limit Uimt to the
optimizers, the optimizers can gradually increase the
outputvoltage until the rated output voltage. If the inverter
has set the output voltage limit Ulmt for each the optimi-
zer, the inverter can further control the output voltage of
each optimizer to reach the output voltage limit Uimt after
each optimizer is started, reducing the voltage and im-
prove safety, as well as facilitating the subsequent de-
termination.

[0034] In step S103, the inverter controls input term-
inals of the Boost circuits to maintain a short-circuited
state for a preset duration according to a preset rule.
[0035] Inthe photovoltaic system, the main node of the
inverter selects, according a preset sequence, such as a
sequence of serial numbers of the Boost circuits in the
software, a Boost circuit at the preceding stage of the
direct-current bus of the inverter, and controls a voltage at
the inputterminal of the selected Boost circuit to gradually
decrease to nearly OV and maintain the short-circuited
state for a duration Tshort. The speed of decreasing of the
voltage and the maintaining duration of short-circuited
state Tshort may be set according to actual requirements,
which will not be limited herein. After the maintaining
duration Tshort has ended, that is, after the preset dura-
tion, the main node of the inverter stops controlling the
state of the Boost circuit, and the voltage at the input
terminal of the Boost circuit is restored. Then, the main
node of the inverter initiates a control on a next Boost
circuit until the above control has been performed on all
the Boost circuits meeting conditions. For example, a first
Boost circuit is controlled to be in the short-circuited state
for a duration and then be recovered, and a second Boost
circuit is controlled to be in the short-circuited state for a
duration and recovered, until control of all the Boost
circuits is completed.

[0036] In practice, step S103 may be implemented
through the above process, that is, the inverter controls
the input terminals of the Boost circuits one by one to
maintain the short-circuited state for the preset duration.
Alternatively, the inverter groups the Boost circuits, con-
trols input terminals of part of the Boost circuits in a
current group to maintain the short-circuited state for
the preset duration each time, and further groups the
Boost circuits in the current group according to states of
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the input terminals of the Boost circuits, until the current
group includes one Boost circuit. That is, the inverter
divides all Boost circuits into two groups for a first time,
controls the input terminals of the Boost circuits in the first
group to be in the short-circuited state, and does not
control the Boost circuits in the other group. Each of
the two groups generated in the first time are divided into
two sub-groups respectively. In each of the groups, the
input terminals of the Boost circuits in the one sub-group
are controlled to be in the short-circuited state, and the
Boost circuits in the other sub-group are not controlled,
and so on, until only one Boost circuit is included in each
group. In practice, the input terminals of half of the Boost
circuits in the current group can be controlled to be in the
short-circuited state each time. For example, the input
terminals of n/2 Boost circuits are controlled to be in the
short-circuited state for a first time to obtain two groups.
Then, the input terminals of n/4 Boost circuits in each of
the two groups are controlled to be in the short-circuited
state for a second time. For a third time, the input term-
inals of the n/8 Boost circuits in each of the four sub-
groups inthe second time are controlled to be in the short-
circuited state, until each Boost circuit is divided in an
independent group. The overall duration of step S103
can be reduced through this process, which is suitable for
a case that the number of optimizers in the photovoltaic
system is relatively large.

[0037] It should be noted that, the preset duration of
maintaining the shorted-circuit state each time is prefer-
ably the same. Alternatively, it may be different, which
depends on the specific application environment and falls
within the protection scope of the present application.
[0038] Instep S104,theinverter determines optimizers
connected to the input terminals of the respective Boost
circuits according to the output electrical parameters of
the optimizers in the short-circuited state.

[0039] The output electrical parameters include an
output voltage and/or an output current.

[0040] When the input terminal of a specific Boost
circuit is in the short-circuited state, only the photovoltaic
string connected to the input terminal of this Boost circuit
is in the short-circuited state. Thus, the optimizers with
changed output electrical parameters are provided in this
photovoltaic string. In this way, the optimizers connected
to the input terminals of respective Boost circuits are
determined.

[0041] In an embodiment, the input terminal of one
Boost circuitis controlled to be in the short-circuited state.
If the output current limit value llmt and output voltage
limit value Ulmt have been set for each optimizer, the
optimizer connected to the input terminal of this Boost
circuit will operate with the output voltage of 0V and the
output current equal to the output current limit value limt.
The optimizer not connected to the input terminal of this
Boost circuit maintains operating with the output voltage
equal to the output voltage limit Ulmt and the output
current of OA. If the output current limit lImt is not set
for each optimizer, the output voltage of the optimizer
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connected to the input terminal of this Boost circuit is
equal to 0V, and the output current thereof is a short-
circuited current greater than the preset current value. If
the Ulmt output voltage limit is not set for each optimizer,
the output current of the optimizer not connected to the
input terminal of the Boost circuit is equal to OA, and the
output voltage is a rated voltage greater than OV.
[0042] In each short-circuited state, the inverter deter-
mines that the optimizer with an output voltage equal to
0V and/or an output current greater than a preset current
or equal to the output current limit value limtis connected
to the Boost circuit having the input terminal in the short-
circuited state; and determines that the optimizer with an
output voltage not equal to 0V and/or an output current
equal to OA is not connected to the Boost circuit having
the input terminal in the short-circuited state.

[0043] Therefore, the inverter can determine all the
optimizers connected to the input terminal of this Boost
circuit according to different output voltages and/or dif-
ferent output currents of the optimizers.

[0044] According to the optimizer networking method
of the photovoltaic system provided in this embodiment,
three step including setting the output electrical para-
meters for the optimizers, controlling the optimizers to
start, and controlling the input terminals of the Boost
circuits to be short-circuited are performed. In the case
that one Boost circuit is controlled to be in the short-
circuited state, on the basis that the difference between
the electrical state of the optimizers connected to this
Boost circuit and electrical state of other optimizers, the
optimizers connected to this Boost circuit can be auto-
matically determined. The Boost circuits are controlled to
be short-circuited in sequence, and the optimizer can be
matched with the respective Boost circuits. The auto-
matic networking of the optimizers in the photovoltaic
system is implemented, avoiding the problem of low
efficiency and error in the optimizer networking process
due to the manual entry. Moreover, for an miscommuni-
cated optimizer due to crosstalk that does not belong to
the photovoltaic system, it can be found that the output
electrical parameter of the miscommunicated optimizer
does not change with the short-circuited state of any one
inputterminal of the inverter through the above steps, and
thus the miscommunicated optimizer due to crosstalk
that does not belong to the photovoltaic system can be
determined.

[0045] On the basis of the above embodiment, in an
embodiment as shown in FIG. 2, before step S101 of
setting, by the inverter, an output voltage limit value
and/or an output current limit value for each of the opti-
mizers, the optimizer networking method for the photo-
voltaic system further includes steps S200 to S202.
[0046] In step S200, the inverter acquires serial num-
bers of the optimizers in the photovoltaic strings.
[0047] The serial number refers to an SN number,
namely serial no, which is a unique code of each optimi-
zer. The inverter obtains the serial number of each opti-
mizer to distinguish the optimizers.

10

15

20

25

30

35

40

45

50

55

[0048] Inpractice, once the master node of the inverter
is powered on, the inverter actively searches for optimi-
zers. Thatis, the inverter sends a search instruction to the
optimizers. After receiving the search instruction from the
inverter, the optimizer sends its serial number to the
master node of the inverter.

[0049] In addition, after step S104, the topological
information of each optimizer may be marked according
to the serial number, to generate an automatic network-
ing result for the provided optimizer.

[0050] In step S201, the inverter determines whether
the manually entered topological information is received.
[0051] If the topological information is not received,
step S101 is performed. If the topological information
is received, step S202 is performed.

[0052] In step S202, the inverter determines whether
the serial numbers match the topological information.
[0053] If it is determined that the serial number does
not match the topological information, step S101 is per-
formed.

[0054] That is, in step S200, the inverter obtains the
serial numbers of the optimizers in the photovoltaic
strings. Ifthe master node of the inverter does notreceive
the manually entered topological information from the
cloud, or the obtained serial number of the optimizer is
inconsistent with the topological information, a subse-
quent automatic networking process is performed.
[0055] The starting trigger condition of the automatic
networking process in practice is provided in this embo-
diment. If the starting trigger condition is not met, the
automatic networking may not be performed. Thus, the
networking process after the inverters are provided may
be determined according to the actual situation, which
broadens the application scene.

[0056] In practice, the starting trigger condition may
include: directly sending, by the master node of the
inverter, a networking mode setting instruction to the
optimizers. In this case, the optimizer networking method
for the photovoltaic system may be started by performing
step S101. The steps of the optimizer networking method
forthe photovoltaic system may be determined according
to specific application environment, which are all within
the protection scope of the present application.

[0057] On the basis of the above embodiments, in an
embodiment as shown in FIG. 3 (based on FIG. 2), if the
output voltage limit Ulmt is set for the inverter in step
S101, before step S103 of controlling the input terminals
of the Boost circuits to maintain the short-circuited state
for the preset duration according to the preset rule by the
inverter, the optimizer networking method for the photo-
voltaic system further includes steps S301.

[0058] In step S301, the inverter determines whether
two terminals of each photovoltaic string are formed by
connecting output terminals of the optimizers in the
photovoltaic string in series, according to changes of
the voltages at the input terminals of the Boost circuits
before and after the optimizers are started.

[0059] Ifthe two terminals of the photovoltaic string are
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formed by connecting output terminals of the optimizers
in this photovoltaic string in series, step S103 is per-
formed.

[0060] In an embodiment, when the optimizers are
started in step S102 and the optimizers are still in a safe
mode with an output voltage of 1V, the master node of the
inverter reads and records the voltage at each input
terminal of the inverter. Then the master node of the
inverter controls the optimizers to start, so that the output
voltages of the optimizers reach the output voltage limit
value Ulmt. After all the optimizers are started, the master
node of the inverter reads and records the voltage at each
input terminal of the inverter again.

[0061] Then, the main node of the inverter performs
calculation based on the above recorded voltages before
and after the optimizers are started, to determine that
each photovoltaic string connected to the input terminals
oftheinverteris provided with a corresponding optimizer.
Then, the main node of the inverter continues to perform
the subsequent short circuit control step on the Boost
circuits, so as to implement the automatic networking
process.

[0062] For example, the optimizer outputs a voltage of
1V in a safe mode, and outputs the output voltage limit
value Ulm=10V in the operating mode. If an input terminal
of the inverter has a voltage equal to nV in the safe mode
of the optimizer and has a voltage equal to 10nV in the
operating mode of the optimizer, it is indicated that two
terminals of the photovoltaic string connected to this input
terminal are formed by connecting the output terminals of
noptimizersin series. If each inputterminal of the inverter
is the same as the case described above, it is indicated
that each photovoltaic component in this photovoltaic
system is provided with the corresponding optimizer,
and the above automatic networking process for the
optimizers can be performed.

[0063] In addition, for the photovoltaic system in which
each photovoltaic component should be provided with
the corresponding optimizer, the above method may
further be determined whether each optimizer is normally
provided and can operate normally. If it is determined
from the above calculation that recorded voltages of an
input terminal of the inverter before and after the optimi-
zers are started do not show the above corresponding
relationship, the subsequent steps of automatic network-
ing are not performed, and an alarm signal is output to
promp operators to check the quality and arrangement of
each optimizer connected to the corresponding input
terminal of the inverter. The automatic networking pro-
cess may be performed after all the optimizers are ar-
ranged and operate normally, ensuring the correctness of
the networking result.

[0064] In addition, after step S301, if the two terminals
of each photovoltaic string are formed by connecting the
output terminals of the optimizers in the photovoltaic
string in series, the inverter further determines the num-
ber of optimizers in the photovoltaic string according to
the voltage at the input terminal of the Boost circuit
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connected to the photovoltaic string.

[0065] Further, the number of optimizers in the photo-
voltaic strings connected to the respective Boost circuits
can be determined through the above recorded voltages
and output voltage limit value Ulm, to be used for sub-
sequent control.

[0066] It should be noted that in the above step of
performing short circuit control on the Boost circuits, if
a drive module of Boost circuit is powered by the direct-
current bus between Boost circuit and inversion circuit,
the voltage at the direct-current bus will decrease due to
the power consumption of the drive module when the
Boost circuit is in the short-circuited state. Therefore, in
order to prevent the drive signal of the drive module from
being missed due to an excessively low voltage at the
direct-current bus in the process of controlling the Boost
circuit to be short circuited, a minimum threshold Ulowthd
may be set for the voltage at the direct-current bus.
Before controlling the Boost circuit to be short circuited,
the voltage at the direct-current bus should be deter-
mined first. If it determined that the voltage at the di-
rect-current bus is lower than the minimum threshold
Ulowthd, the Boost circuit is controlled to charge the
direct-current bus first. When the voltage at the direct-
current bus is charged to the minimum threshold
Ulowthd, the short circuit control is performed on the
Boost circuit.

[0067] On the basis of the above embodiment, in an
embodiment as shown in FIG. 4 (taking the embodiment
based on FIG. 2 as an example), before step S103, the
controlling the input terminals of the Boost circuits to
maintain the short-circuited state for the preset duration
according to the preset rule by the inverter, the optimizer
networking method further includes step S401 and S402.
[0068] In step S401, the inverter determines whether
the voltage at the direct-currentbus is less than the preset
minimum threshold.

[0069] If the voltage at the direct-current bus is lower
than the preset minimum threshold (that is, minimum
threshold Ulowthd as described above), step S402 is
performed. If the voltage at the direct-current bus is
higher than or equal to the preset minimum threshold,
step S103 is directly performed.

[0070] In step S402, the inverter controls at least one
Boost circuit to charge the direct-current bus.

[0071] Step S103is performed when the voltage at the
direct-current bus reaches the preset minimum thresh-
old.

[0072] In this embodiment, the successfully perform-
ing of step S103 can be ensured, avoiding the problem
that the drive module stops driving due to the loss of
power supply during the performing process.

[0073] FIG. 3 is taken as an example to illustrate a
process of implementing automatic networking for the
photovoltaic system in which each photovoltaic compo-
nent is provided with a corresponding optimizer through
the above optimizer networking method.
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(1) The automatic networking method may be per-
formed under certain triggering conditions.

Once the main node of the inverteris powered on, the
main node of the inverter actively searches for opti-
mizers. In response to receiving a search instruction
from the inverter, the optimizer sends its serial num-
ber to the main node of the inverter. In the case that
the master node of the inverter does not receive the
manually entered topological information from a
cloud, or the searched serial number of the optimizer
is inconsistent with the topological information, the
automatic networking process is performed.

(2) In the automatic networking process, the output
electrical parameters of the optimizers are set firstly.
After the optimizers have just been provided, the
optimizer enter a safe mode or a shutdown mode
when the photovoltaic components connected to the
input terminals of the optimizers can provide a nor-
mal operating voltage of the optimizers. In this case,
the output voltage of each optimizer is 1V. The mas-
ter node of the inverter sends a networking mode
setting instruction to each optimizer. The networking
mode setting instruction includes an output voltage
limit value Ulmt and an output current limit value limt.

(3) The step of controlling the optimizers to start in
the automatic networking process is performed.

[0074] Before starting, the optimizer is still in the safe
mode with an output voltage of 1V. The master node of
the inverter reads and records the voltage at each input
terminal of the inverter in this case. The master node of
the inverter broadcasts an activation instruction, and the
optimizer switches into the operating mode in response
to receiving the activation instruction, performs soft start,
and gradually increases the output voltage until the out-
put voltage limit UImt. When all the optimizers are started,
the master node of the inverter reads and records the
voltage at each input terminal of the inverter again.
[0075] Then, the master node of the inverter performs
calculation based on the recorded voltages before and
after the optimizers are started, to determine that all
photovoltaic components in the photovoltaic strings con-
nected to the input terminals of the inverter are provided
with the corresponding optimizers.

[0076] (4) The shortcircuit control step is performed on
the input terminals of the Boost circuits in the automatic
networking process.

[0077] In this step, the master node of the inverter
selects one Boost circuit in turn according to a preset
sequence, and controls the voltage at the input terminal
of the selected Boost circuit to gradually decrease to
nearly 0V and maintain a short-circuited state for a dura-
tion Tshort. The speed of decreasing of the voltage and
the maintaining duration of short-circuited state Tshort
may be set according to actual requirements, which will
not be limited herein. After the maintaining duration
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Tshort has ends, the main node of the inverter stops
controlling the state of the Boost circuit, and the voltage
at the input terminal of the Boost circuit is restored. The
main node of the inverter initiates a control on a next
Boost circuit until the above control has been performed
on all the Boost circuits meeting conditions.

[0078] In the short circuit control step for the input
terminal of each Boost circuit, when the input terminal
of each Boost circuit is controlled to be a short-circuited
state, the master node of the inverter needs to collect the
output voltage and output current states of all optimizers.
Since the output current limit value limt has been set for
the optimizers, the optimizer connected to the input
terminal of this Boost circuit will operate with the output
voltage of OV and the output current limit value limt. The
optimizer not connected to the input terminal of this Boost
circuit maintains operating with the output voltage equal
to the output voltage limit Uimt and the output current of
OA. According to the difference between the above
states, all the optimizers connected to the input terminal
of this Boost circuit can be determined.

[0079] Accordingtothisembodiments applicable tothe
automatic networking process of the photovoltaic system
in which the photovoltaic components are provided with
the corresponding optimizers, the optimizer connected to
the input terminal of each Boost circuit can be automa-
tically identified, and the searched optimizer due to cross-
talk can be excluded, implementing the automatic net-
working of the optimizers provided in the system. The
process of manually entering the information of each
optimizer is avoided, the efficiency of networking is im-
proved and the probability of errors is reduced.

[0080] In another embodiment of the present applica-
tion, a photovoltaic system is provided. As shown in FIG.
5, the photovoltaic systemincludes an inverter 200 and at
least one photovoltaic string 100.

[0081] At least one Boost circuit 201 is provided at a
preceding stage of a direct-current bus of the inverter
200, and an input terminal of the Boost circuit 201 is
configured to be connected to at least one photovoltaic
string 100.

[0082] Itshould be noted that, as shownin FIG. 5, each
Boost circuit 201 may be integrated in the inverter 200,
and an output terminal of each Boost circuit 201 is con-
nected to a direct-current side of the inverter circuit 202 in
the inverter 200 through the direct-current bus. In prac-
tice, the Boost circuit 201 may be independent of the
inverter 200 (not shown in drawings), which depends on
specific application environment and falls within the pro-
tection scope of the present application.

[0083] The inverter 200 is connected to an applicable
single-phase or three-phase grid according to models of
the inverter 200.

[0084] Asshownin FIG. 6, an optimizer 102 or at least
two optimizers 102 having output terminals connected in
series are arranged between two terminals of the photo-
voltaic string 100, and the input terminal of the optimizer
102 is connected to at least one photovoltaic component
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101.

[0085] Theinverter200 includesacontroller serving as
a master node of the inverter in the embodiments above.
The controller communicates with the optimizers 102 and
is configured to perform the optimizer networking method
for the photovoltaic system described according to any
one of the above embodiments. The specific execution
process and principles of the optimizer networking meth-
od may be referred to the above embodiments, which will
not be repeated herein.

[0086] AsshowninFIG.5andFIG.7,the main circuitof
the inverter 200 includes an inversion circuit 202 and at
least one Boost circuit 201. The inverter 200 may include
m Boost circuits (Boost 1 to Boost m shown in FIG. 7),
where m is a positive integer greater than or equal to 1.
[0087] In practice, the input terminal of each Boost
circuit 201 may be connected to one connection port of
the direct-current side of the inverter 200, or may be
connected to at least two connection ports connected
in parallel at the direct-current side of the inverter 200.
The settings of input terminals of different Boost circuits
201 may be the same or different, which depends on the
specific application environment and falls within the pro-
tection scope of the present application. The connection
port connected to the input terminal of each Boost circuit
201 may be connected to one photovoltaic string 100, or
may be connected in parallel to at least two photovoltaic
strings 100 through a bus bar terminal, which depends on
the specific application environment and falls within the
protection scope of the present application.

[0088] In an embodiment, each Boost circuit 201 in-
cludes an input terminal, which may be called an MPPT
port. Each MPPT port may be divided into two parallel-
connected connection ports inside the inverter 200. The
parallel-connected connection port may be called PV
ports. Alternatively, each MPPT port may directly serve
as a PV port. Each PV port may be connected to a
photovoltaic string 100, or may be connected to two
photovoltaic strings 100 connected in parallel through
the bus bar terminal. At least one photovoltaic string 100
may be arranged in the system.

[0089] ReferringtoFIG.6andFIG.7,itis assumed that
each photovoltaic string 100 includes n photovoltaic
modules (photovoltaic module 1 to photovoltaic module
n as shown in FIG. 6 and FIG. 7), n is a positive integer
greaterthan orequalto 2. nisless than orequalto 25ina
case that the inverter 200 is a single-phase inverter. n is
less than or equal to 50 in a case that the inverter 200 is a
three-phase inverter. Since each photovoltaic module is
provided with an optimizer 102 in the system, each
photovoltaic module includes a photovoltaic unit and
an optimizer 102. The photovoltaic unit includes at least
one photovoltaic component 101. The photovoltaic unitis
connected to the input terminal of the optimizer 102. The
output terminals of all optimizers 102 in the photovoltaic
string 100 are connected in series with each other. That
is, an optimizer 102 includes a positive output terminal
connected to a negative output terminal of a previous
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optimizer 102, and a negative output terminal connected
to a positive output terminal of a next optimizer 102. An
output terminal of the last optimizer in the photovoltaic
string is connected to a PV port of the inverter 200.
[0090] It should be noted that, the number of photo-
voltaic modules in different photovoltaic strings 100 ar-
ranged in the same system may be different, the series-
parallel connection mode of photovoltaic strings 100
connected to different MPPT ports may be inconsistent,
and the powers of photovoltaic units may be inconsistent.
[0091] In practice, referring to FIG. 7, k photovoltaic
strings 100 (photovoltaic string 1 to photovoltaic k as
shown in FIG. 7) are connected to m Boost circuits 201
of an inverter 200. The MPPT ports of respective Boost
circuits 201 may not be connected to a photovoltaic string
100, or may be connected to 1 to 3 photovoltaic strings
100, which depends on the specific application environ-
ment and falls within the protection scope of the present
application.

[0092] The same or similar parts among the embodi-
ments in the present application may be referred to each
other, and each of the embodiments emphasizes differ-
ences from other embodiments. In particular, the system
or system embodiment is substantially similar to the
method embodiment, and therefore is described rela-
tively briefly. For relevant details, reference can be made
to the description of the method embodiment. The sys-
tem and system embodiments described above are only
illustrative, in which the units described as separate
components may or may not be physically separated,
and the components shown as units may or may not be
physical units, that is, may be located in one place, or
distributed over multiple network elements. Some or all of
the modules may be selected as needed to achieve the
purpose of the solution of the embodiments. Those
skilled in the art can understand and implement the
solution without any creative effort.

[0093] Those skilled in the art may further realize that
the units and algorithm steps of each example described
in conjunction with the embodiments disclosed herein
can be implemented by electronic hardware, computer
software, or a combination of both. In order to clearly
illustrate the interchangeability of hardware and soft-
ware, the components and steps of each example have
been described in general terms of functionality in the
above description. Whether these functions are per-
formed in hardware or software depends on the specific
application and design constraints of the technical solu-
tion. Those skilled in the art may implement the described
functionality in various manners for each specific appli-
cation, while such implementations should not be con-
sidered to be beyond the scope of the present applica-
tion.

[0094] Based onthe above description of the disclosed
embodiments, the features described in the different
embodiments in the present application may be replaced
or combined with each other, so that those skilled in the
art can implement or use the present application. Various
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modifications to these embodiments will be apparent by
those skilled in the art, and the generic principles defined
herein may be implemented in other embodiments with-
out departing from the spirit or scope of the present
application. Therefore, the present application is not
limited to the embodiments described herein, but should
be in accordance with the broadest scope consistent with
the principle and novel features disclosed herein.

Claims

1. An optimizer networking method for a photovoltaic
system, wherein the photovoltaic system comprises
an inverter and photovoltaic strings connected to
Boost circuits at a preceding stage of a direct-current
bus of the inverter; and the optimizer networking
method comprises:

setting, by the inverter, an output voltage limit
value and/or an output current limit value for
each of optimizers;

controlling, by the inverter, the optimizers to
start;

controlling, by the inverter, input terminals of the
Boost circuits to maintain a short-circuited state
for a preset duration according to a preset rule;
and

determining, by the inverter, the optimizers con-
nected to the input terminals of the respective
Boost circuits according to output electrical
parameters of the optimizers in the short-
circuited state.

2. The optimizer networking method for the photovol-
taic system according to claim 1, wherein the con-
trolling, by the inverter, the input terminals of the
Boost circuits to maintain the short-circuited state
for the preset duration according to the preset rule
comprises:

controlling, by the inverter, the input terminals of
the Boost circuits one by one to maintain the
short-circuited state for the preset duration; or

grouping, by the inverter, the Boost circuits,
controlling input terminals of part of the Boost
circuits in a current group to maintain the short-
circuited state for the preset duration, and
further grouping the Boost circuits in the current
group according to states of the input terminals
of the Boost circuits until the current group com-
prises one Boost circuit.

3. The optimizer networking method for the photovol-
taic system according to claim 1, wherein the output
electrical parameters comprise: an output voltage
and/or an output current.
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4.

The optimizer networking method for the photovol-
taic system according to claim 3, the determining, by
the inverter, the optimizers connected to the input
terminal of the respective Boost circuits according to
the output electrical parameters of the optimizers in
the short-circuited state, comprises:

in a case of an input terminal of one Boost circuit in
the short-circuited state atatime, determining, by the
inverter, that the optimizer with an output voltage
equal to zero and/or an output current greater than
a preset current or equal to the output current limit
value is connected to the Boost circuit having the
input terminal in the short-circuited state; determin-
ing, by the inverter, that the optimizer with an output
voltage not equal to zero and/or an output current
equal to zero is not connected to the Boost circuit
having the input terminal in the short-circuited state.

The optimizer networking method for the photovol-
taic system according to any one of claims 1 to 4,
wherein before the setting, by the inverter, the output
voltage limit value and/or the output current limit
value for each of the optimizers, the optimizer net-
working method further comprises:

acquiring, by the inverter, serial numbers of the
optimizers in the photovoltaic strings;
determining, by the inverter, whether topological
information entered manually is received;
performing the step of setting, by the inverter,
the output voltage limit value and/or the output
current limit value for each of the optimizers, in
response to determining that the topological
information is not received;

determining, by the inverter, whether the serial
numbers match the topological information, in
response to determining that the topological
information is received; and

performing the step of setting, by the inverter,
the output voltage limit value and/or the output
current limit value for each of the optimizers, if it
is determined that the serial numbers do not
match the topological information.

The optimizer networking method for the photovol-
taic system according to any one of claims 1 to 4,
wherein if the inverter set the output voltage limit
value for each of the optimizers, after the controlling,
by the inverter, the optimizers to start, the optimizer
networking method further comprises:

controlling the output voltage of each of the
optimizers to reach the output voltage limit va-
lue; and

before the controlling, by the inverter, the input
terminal of the Boost circuits to maintain a short-
circuited state for a preset duration according to
the presetrule, the optimizer networking method
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further comprises:

determining, by the inverter, whether two
terminals of each photovoltaic string are
formed by connecting output terminals of
the optimizers in the photovoltaic string in
series, according to changes of the voltages
at the input terminals of the Boost circuits
before and after the optimizers are started,
determining, by the inverter, the number of
the optimizers in the respective photovoltaic
strings according to the voltages at the input
terminals of the Boost circuits if it is deter-
mined that the two terminals of each photo-
voltaic string are formed by connecting the
output terminals of the optimizers in the
photovoltaic string in series, and performing
the step of controlling, by the inverter, the
input terminals of the Boost circuits to main-
tain the short-circuited state for the preset
duration according to the preset rule.

The optimizer networking method for the photovol-
taic system according to any one of claims 1 to 4,
wherein before the controlling, by the inverter, the
input terminals of the Boost circuits to maintain the
short-circuited state for the preset duration accord-
ing to the preset rule, the optimizer networking meth-
od further comprises:

determining, by the inverter, whether a voltage
at the direct-current bus is lower than a preset
minimum threshold;

controlling, by the inverter, at least one Boost
circuit of the Boost circuits to charge the direct-
current bus, in response to the voltage at the
direct-current bus being lower than the preset
minimum threshold; and

performing the step of the controlling, by the
inverter, the input terminals of the Boost circuits
to maintain the short-circuited state for the pre-
set duration according to the preset rule, in a
case that the voltage at the direct-current bus
reaches the preset minimum threshold.

The optimizer networking method for the photovol-
taic system according to any one of claims 1 to 4,
wherein the controlling, by the inverter, the optimi-
zers to start comprises:

sending, by the inverter, an activation instruction to
the optimizers, wherein the optimizers enter an op-
erating mode and increase the output voltage
through soft start in response to the activation in-
struction.

A photovoltaic system, comprising an inverter and at
least one photovoltaic string, wherein
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an optimizer or at least two optimizers having
output terminals connected in series are ar-
ranged between two terminals of the photovol-
taic string, and an input terminal of each optimi-
zer is connected to at least one photovoltaic
component;

at least one Boost circuit is provided at a pre-
ceding stage of a direct-current bus of the in-
verter, and an input terminal of the Boost circuit
is configured to be connected to the atleast one
photovoltaic string; and

the inverter comprises a controller serving as a
master node to communicate with the optimizer,
and the controller is configured to perform the
optimizer networking method for the photovol-
taic system according to any one of claims 1to0 8.

10. The photovoltaic system according to claim 9,

1.

wherein the Boost circuit is independent of the in-
verter; or

the Boost circuit is integrated in the inverter, and an
output terminal of the Boost circuit is connected to a
direct-current side of an inversion circuit in the in-
verter through the direct-current bus.

The photovoltaic system according to claim 9 or 10,
wherein the input terminal of the Boost circuit is
connected to one connection port at a direct-current
side of the inverter, or at least two connection ports
connected in parallel at a direct-current side of the
inverter; and

the connection port is connected to one photovoltaic
string, or the connection port is connected in parallel
to at least two photovoltaic strings through a bus bar
terminal.
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